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Introduction
Adrenalectomy is ideally suited to minimally invasive surgery
in the light of the well-defined blood supply of the adrenal
gland and the characteristics of adrenal tumours, which are
usually small and benign. However, dissection is not always
easy due to the partially retrocaval and retrohepatic location of
the right adrenal gland and the para-aortic retropancreatic
and juxta-splenic position of the left adrenal gland. Moreover,
a distinction between the fat and the adrenal gland may
sometimes be difficult to make because of their similar colour.
Better visibility of the surgical field translates into a lower
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risk of adrenal remnants being left behind after the operation.
Due to these anatomical characteristics, laparoscopic adrena-
lectomy has been widely and rapidly employed for various
pathogeneses of adrenal disorders, spurring the improvement
of surgical techniques and instruments.1
Adrenal incidentalomas have increased dramatically over
the last two decades as a result of the widespread use of
abdominal imaging modalities including ultrasound,
computed tomography (CT) and magnetic resonance imaging.
Proper evaluation of an adrenal incidentaloma patient requires
an understanding of the differential diagnosis of adrenal
masses, the biochemical profile of hyperfunctioning adrenal
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Adrenalectomy is ideally suited to minimally invasive surgery based on the characteristics of adrenal tumours,
which are usually small and benign. The aim of this study was to verify that laparoscopic adrenalectomy is
minimally invasive and to assess the indication of laparoscopic adrenalectomy for incidentaloma. From
October 1995 through August 2002, 133 patients underwent adrenal surgery at the Department of Surgery II,
Nagoya University School of Medicine. Of these, 111 underwent laparoscopic adrenalectomy. All laparoscopic
adrenalectomies were performed using the transabdominal lateral approach. In 50 of 133 patients, the adrenal
tumours were incidentally discovered. There were 27 non-functioning adrenal tumours and six of seven
preclinical Cushing’s syndrome cases incidentally discovered. Six of 27 non-functioning adrenal tumour patients
underwent open adrenalectomy because of large tumour size or malignancy. Based on the present criteria
for laparoscopic adrenalectomy, 15 of 133 patients were retrospectively considered to have required open
adrenalectomy. The average size of a non-functioning adrenal tumour was 5.8 cm in diameter, which was equal
to the average size of a phaeochromocytoma. A simultaneous bilateral laparoscopic adrenalectomy was performed
in a patient in poor condition with advanced Cushing’s syndrome due to adrenocorticotrophic hormone-
independent macronodular adrenocortical hyperplasia (AIMAH). The adrenal glands were successfully removed
without fragmentation in this patient, and the postoperative course was uneventful, thanks to the minimally
invasive surgery. The laparoscopic technique assures less morbidity and faster recovery, and appears to be equally
effective in eradicating functioning and non-functioning adrenal masses. The benefits of the laparoscopic
approach to adrenalectomy should not result in a more aggressive attitude toward the excision of clinically silent,
benign-appearing adrenal incidentalomas. [Asian J surg 2003;26(2):64–70]
Lapar#final  31/3/03
© 2003 Elsevier. All rights reserved.
65
ASIAN JOURNAL OF SURGERY  VOL 26 • NO 2 • APRIL 2003 65
10502
■ LAPAROSCOPIC ADRENALECTOMY ■
tumours, and the risk factors for adrenal malignancy. Adrena-
lectomy is reserved for patients with hyperfunctioning tu-
mours and for potentially malignant lesions. Factors affecting
the decision include the size and nature of the lesion as well as
the experience of the operating surgeon. In most centres,
laparoscopic adrenalectomy has replaced open adrenalectomy
as the procedure of choice for patients who have benign,
functioning adrenal tumours.2–4
Bilateral laparoscopic adrenalectomy has been reported in
cases of Cushing’s syndrome after failed trans-sphenoidal
ablation for a pituitary adenoma,5–9 Cushing’s syndrome
due to an ectopic adrenocorticotrophic hormone (ACTH)-
producing tumour,10 macronodular adrenal hyperplasia,11
some types of congenital adrenal hyperplasia12–14 and
phaeochromocytoma, either with or without multiple
endocrine neoplasia type 2.15
Our institution is located between Tokyo and Osaka, and
serves the approximately 6 million people of Nagoya and the
surrounding area. In this article, we focus on and discuss our
experience with laparoscopic adrenalectomy for incidentaloma
and report a simultaneous bilateral laparoscopic total
adrenalectomy in a patient in poor condition with advanced
Cushing’s syndrome due to ACTH-independent macronodular
adrenocortical hyperplasia (AIMAH).16
Patients and methods
From October 1995 to August 2002, 133 patients underwent
adrenal surgery at the Department of Surgery II, Nagoya
University School of Medicine. Of these, 111 underwent
laparoscopic adrenalectomy. On the basis of the histological
findings and adrenal function related to the initial adrenal
operation, patients were divided into the following diagnostic
groups: patients with aldosterone-producing adenomas,
Cushing’s syndrome, preclinical Cushing’s syndrome,
phaeochromocytoma and non-functioning adrenocortical
tumours. Cushing’s syndrome patients included those with
cortisol-producing adenoma, adrenocortical carcinoma,
AIMAH and primary pigmented nodular adrenocortical disease
(PPNAD) (Table 1). Patient histories were carefully recorded,
and adrenal incidentaloma was defined as a tumour detected
during abdominal imaging done for non-adrenal-related
reasons (Table 2). Four patients who had open operations for
extra-adrenal functioning paragangliomas during the same
period were excluded from the study.
A female patient, age 67, underwent simultaneous
laparoscopic bilateral adrenalectomy for Cushing’s syndrome
due to AIMAH. The patient had biochemically confirmed
Cushing’s syndrome, and presented with large bilateral
macronodular adrenal tumours detected on CT, and classic
advanced Cushing’s symptoms such as muscle weakness,
osteoporosis, and mental changes. Her preoperative serum
cortisol was markedly elevated (53.2 mg/dL), and respiration
was laboured with orthopnoea. The anaesthesiologist pointed
out the risk of cardiovascular and pulmonary complications
from surgical procedures and recommended minimally
invasive surgery. Out of 133 patients in this study, we selected
this woman to report on precisely because laparoscopic
Table 1. Characteristics of 133 open and laparoscopic adrenalectomies
Number % Male Female Mean size Open Laparoscopic
(cm) adx adx
Aldosterone-producing adenoma* 39 29 19 20 2.0 1 38
Cushing’s syndrome† 20 15 5 15 4.2 1 19
     Cortisol-producing adenoma 16 4 12
     Adrenocortical carcinoma 1 1
     AIMAH‡ 2 1 1
     PPNAD§ 1 1
Preclinical Cushing’s syndrome 7 5 2 5 3.2 0 7
Phaeochromocytoma 40 30 20 20 5.9 14 26
Non-functioning tumour 27 20 9 18 5.8 6 21
Total 133 55 78 22 111
*One case of open surgery was associated with oesophageal cancer; †one case of open surgery was for adrenocortical carcinoma with
Cushing's syndrome; ‡AIMAH = adrenocorticotrophic hormone-independent macronodular adrenocortical hyperplasia; §PPNAD =
primary pigmented nodular adrenocortical disease;  mean size was 5.0 cm in phaeochromocytoma patients undergoing laparoscopic
adrenalectomy;  mean size was 4.5 cm in patients with non-functioning tumour undergoing laparoscopic adrenalectomy.
Adx = adrenalectomy.
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adrenalectomy surely played a most important role in her non-
eventful recovery, and because she was an outstanding exam-
ple of the advantages of this kind of minimally invasive surgery.
All laparoscopic adrenalectomies were performed
transabdominally in the lateral decubitus position, with
extension of the lateral abdominal wall on the affected side.17
The adrenal vein was clipped during the final stage of the
operation to avoid venous engorgement of the gland, which
would lead to adrenal congestion and interfere with subsequent
histological and biochemical examinations.18–20
A simultaneous bilateral laparoscopic adrenalectomy
was performed on the 67-year-old woman with Cushing’s
syndrome due to AIMAH in February 2001. Three 12-mm and
three 5-mm trocars were positioned as shown in Figure 1.
The two trocar sites in the midline were used for both sides.
The flexible fibrescope was inserted through the umbilical
port. It is important to place the patient’s abdomen at the edge
of the operating table (Figure 2), because the flexible fibrescope
needs to travel in a vertical direction (Figure 3). The procedure
was started on the left side by inserting the two subcostal and
two midline trocars, after which the spleen and the tail and
body of the pancreas were detached completely. After removal
of the left adrenal gland, the skin incisions were sutured. The
patient was placed in the lateral decubitus position with
extension of the right abdominal wall, and two additional
subcostal trocars were inserted for the right adrenalectomy.
For the right adrenal gland, the right lobe of the liver was
completely detached. The adrenal glands were large and fragile,
and careful traction was necessary to create the proper
dissection fields.
Results
The distribution of the adrenal disorders was as follows:
aldosterone-producing adenoma (n = 39) and phaeochromo-
Table 2. Incidentally discovered adrenal tumours
Number Incidentalomas % Open adx Laparoscopic adx
 (incidentalomas) (incidentalomas)
Aldosteronoma 39 3 8 1 (1) 38 (2)
Cushing’s syndrome 20 3 15 1 (0) 19 (3)
Preclinical Cushing’s syndrome 7 6 86 0 (0) 7 (6)
Phaeochromocytoma 40 11 28 14 (2) 26 (9)
Non-functioning tumour 27 27 100 6 (6) 21 (21)
Total 133 50 38 22 (9) 111 (41)
Adx = adrenalectomy.
Figure 1. Schematic diagram showing trocar insertion locations
and sizes for bilateral laparoscopic adrenalectomy in the 67-year-
old woman with Cushing’s syndrome.
Figure 2. Overhead view of the lateral decubitus position. The
patient’s abdomen is placed at the edge of the operating table.
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cytoma (n = 40) with approximately 30% each, and Cushing’s
syndrome  (n = 20) and non-functioning adrenal tumours  (n
= 27) with 15% and 20%, respectively. (Table 1). Fifty cases of
adrenal tumours were incidentally discovered among the 133
adrenalectomized patients (Table 2). The 27 non-functioning
adrenal tumours were all incidentally discovered. Six of the 27
patients underwent open adrenalectomy because of large
tumour size or malignancy. Three of six open adrenalectomies
for non-functioning tumours proved malignancy. Two of the
21 patients who underwent laparoscopy had metastatic adrenal
cancer originating in the lung, and a total of five among 27
non-functioning adrenal tumours were malignant (Table 3).
One patient with leiomyosarcoma developed liver metastasis
and suffered a local recurrence 1 year after surgery, while the
other patient with metastasis originating from the lung
developed brain metastasis. However, the five patients with
pathologically verified malignant tumours were all alive at the
time of this submission.
One 40-year-old patient with phaeochromocytoma
was diagnosed with malignant disease because the adrenal
phaeochromocytoma had directly invaded the inferior vena
cava (IVC), and a combined IVC resection and reconstruction
with a Gore-Tex graft were necessary. Liver metastasis was
found 1 year postoperatively, and a right hepatectomy was
performed. Two years later, the patient was well, with a normal
catecholamine level.
Because one patient out of the 20 with Cushing’s syndrome
had an adrenocortical carcinoma, an open adrenalectomy
with a posterior liver resection was performed in this patient.
Although multiple liver metastases developed 1 year later, the
patient was still alive after 8 months. Moreover, all 133 adrena-
lectomized patients have survived.
Preclinical Cushing’s syndrome was diagnosed based on
autonomous cortisol production, without any apparent clinical
manifestation of overt Cushing’s syndrome.21,22 Adrenal
tumours were incidentally discovered in six of seven patients
with preclinical Cushing’s syndrome. Two patients with AIMAH
and one with PPNAD were included in this study. In the
patients with AIMAH, the adrenal glands were large, fragile and
multinodular. The maximal diameters of the removed glands
were 6.7 cm on the left side and 8.7 cm on the right, and their
total weight was 129 g  in the patient described in detail here.
Table 3. Pathological diagnoses of non-functioning adrenal tumours
Number of Open Laparo
patients adx adx
Adrenocortical adenoma 13 13
Neurilemoma 3 1 2
Ganglioneuroma 3 3
Adrenocortical carcinoma 2 2
Metastatic adrenal cancer 2 2
Leiomyosarcoma 1 1
Adrenal cyst 1 1
Haematoma 1 1
Myelolipoma 1 1
Total 27 4 23
Laparo = laparoscopic; adx = adrenalectomy.
Figure 3. Lateral view of the patient. The laparoscopic fibrescope is inserted through the umbilical port in the relatively vertical direction.
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The adrenal glands were successfully removed without
fragmentation in 320 minutes, with an estimated blood loss of
5 mL. Although neither intraoperative nor postoperative
complications occurred, the patient required muscle training
before ambulation on postoperative day 42. The patient has
been well under oral glucocorticoid replacement (hydro-
cortisone 20 mg orally each morning), and has had no skin
pigmentation or pituitary abnormalities. The procedures re-
sulted in marked clinical improvements; the patient now walks
unassisted, and feels much more comfortable, with clarity of
consciousness rather than her preoperative state of confused
psychosis. Compliance with the substitute therapy remains
excellent, and the patient expresses a very high degree of satis-
faction with the laparoscopic adrenal procedure.
Discussion
Adrenal tumours were incidentally found in 38% of adrenal
surgery patients since we started performing laparoscopic
adrenalectomy in October 1995 (Table 2). Non-functioning
tumours and most preclinical Cushing’s syndrome cases were
discovered as incidentalomas, and 28% of phaeochro-
mocytomas were also detected incidentally. Up to 1995, 59 of
422 patients (14%) were diagnosed with incidentalomas and
underwent adrenal surgery in our institution.23 The increased
use of abdominal imaging studies has led to referrals of patients
with adrenal incidentalomas that were subsequently found to
be phaeochromocytoma, Cushing’s syndrome or aldosterone-
producing adenoma.24
Since October 1995, we have employed transabdominal
lateral laparoscopic adrenalectomy for the treatment of any
type of adrenal tumour.17,25,26 The adrenal gland is ideally
suited for laparoscopic excision, as most adrenal tumours are
small and pathologically benign. The benefits of laparoscopic
adrenalectomy include decreased operative blood loss, reduced
analgesic requirements, shorter hospital stay and recovery
time, and fewer late incisional complications.17,27 In addition,
laparoscopic adrenalectomy yields aesthetically good results,
as conventional adrenal surgery requires a relatively large
incision because the adrenal glands are located deep in the
retroperitoneal space. The safety and efficacy of this procedure
have been widely accepted. Laparoscopic adrenalectomy
was performed on 111 of 133 patients with adrenal disorders
(Table 1). Most of those with aldosterone-producing adenoma,
Cushing’s syndrome, or preclinical Cushing’s syndrome
were good candidates for laparoscopic adrenalectomy. On the
other hand, one third of the patients with phaeochromocytoma
and non-functioning tumours underwent open surgery. Be-
cause laparoscopic adrenalectomy was not indicated for
phaeochromocytoma for the first 2 years of the study period,
14 such patients underwent open adrenalectomy. Of them,
seven are currently candidates for laparoscopic adrenalectomy.
Adrenal neoplasms were pathologically malignant in seven
of 133 patients, five of whom underwent open adrenalectomy,
while the other two underwent laparoscopic adrenalectomy.
The considerable difficulty of laparoscopic manipulation for
dissection of larger tumours may subject patients to an
increased risk of violating the adrenal or tumour capsule, with
subsequent spilling of tumour cells. Excluding the seven
patients with phaeochromocytoma from the 22 open
adrenalectomies, 15 patients still required the procedure.
Laparoscopic adrenalectomy has been used increasingly as the
preferred approach with patients who require surgical resection,
whereas open adrenalectomy is reserved for patients with large
and malignant tumours.
The average size of non-functioning adrenal tumours was
5.8 cm in diameter, which is equal to the average size of a
phaeochromocytoma. For those patients who did not undergo
open adrenalectomy, the average diameter of a non-functioning
adrenal tumour was 4.5 cm. With the success of laparoscopic
adrenalectomy, as confirmed by dramatically improved patient
recovery, some surgeons are beginning to recommend
adrenalectomy for all non-functioning tumours of larger than
3 cm.28 We experienced 133 patients with adrenal disorders
between 1987 and 1995, and 42 (32%) of them were incidentally
discovered.23 In the present study, 50 of 133 patients (37%) had
incidentalomas, and there were no differences before and after
starting laparoscopic adrenalectomy concerning operable
indications for incidentaloma. We emphasize that the benefits
of the laparoscopic approach to adrenalectomy should not
result in a more aggressive policy for the excision of clinically
silent, benign-appearing adrenal masses.
More than 70% of Cushing’s syndromes are classified as
Cushing’s disease in Europe 29–31 and the USA.32 Nonetheless,
in Japan, 243 cases among 477 (50.9%) patients with Cushing’s
syndrome were caused by adrenal adenoma, according to a
survey conducted between 1982 and 1986 by the Japanese
Ministry of Health and Welfare.33 Among the other primary
adrenocortical disorders such as nodular hyperplasia and
adrenal carcinoma, approximately 60% of the patients with
Cushing’s syndrome in Japan underwent adrenal surgery as
the primary treatment. The pathological distribution and
treatment of Cushing’s syndrome are different among nations,
and adrenal surgery is the most widespread form of treatment
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for Cushing’s syndrome in Japan.
It was interesting to find a predominance of women among
Cushing’s syndrome cases: cortisol-producing adenoma, 75%;
AIMAH and PPNAD, 66%; preclinical Cushing’s syndrome,
71%; and 20 of 27 patients (74%) with Cushing’s syndrome
and preclinical Cushing’s syndrome were female (Table 1).
Our current and previous findings26 of female predominance
are in agreement with results reported by van Heerden
et al.34
AIMAH and PPNAD are very rare causes of Cushing’s
syndrome. The primary pathological disorders are in the
adrenal glands and develop as bilateral disease. The relative
risks in Cushing’s syndrome are those related to diminished
wound-healing capabilities and an increased risk of infec-
tion.35 Laparoscopic procedures have the advantage in
ameliorating those risks, especially in obese and fragile
Cushing’s syndrome patients. Since the initial reports of
laparoscopic adrenalectomy, various complications with
the laparoscopic procedure have been noted, including
pancreatitis, intra- or peri-operative haemorrhage, injury to
the spleen and pneumothorax.36 The patient with AIMAH
reported here underwent the 84th laparoscopic adrenalectomy
performed in our institution. The adrenal glands with AIMAH
were large and fragile, and the laparoscopic procedures involved
were among the most difficult, being similar to those for a
large phaeochromocytoma. AIMAH should not be approached
by the laparoscopic route unless the surgeon has extensive
experience with the procedure.
On the other hand, conventional open adrenalectomy via
the anterior, lateral or posterior approach requires a large
incision to gain access to a relatively small gland. Moreover,
the incision used for a lateral or posterior adrenalectomy with
its associated rib resection and nerve retraction has been
associated with various incisional and musculoskeletal
problems that may persist long after the operation. These
incisional problems are especially pronounced and severe in
patients with Cushing’s syndrome because of the risks of poor
wound healing, laxity of the abdominal wall, obesity, and
musculoskeletal complaints associated with the condition.
When performed by an experienced surgical team, the
laparoscopic procedure has proven advantage in reducing
the possibility of postoperative complications, especially
in patients whom the anaesthesiologist feels are at risk
in a surgical procedure. In our patient, none of the above
complications developed, and a biochemical cure for Cushing’s
syndrome succeeded. Increased experience with the
laparoscopic adrenalectomy technique has resulted in
decreased morbidity.
We reported our experience with adrenal incidentalomas,
their surgical treatment, and the excellent clinical results us-
ing bilateral laparoscopic adrenalectomy in a patient with
Cushing’s syndrome due to AIMAH. The laparoscopic
technique assures less morbidity, faster recovery and appears
to be equally effective in eradicating functioning and non-
functioning adrenal tissue. Considering the consistently good
results reported by others and ourselves with the use of the
flank approach, we believe that this procedure should be the
treatment of choice for adrenalectomy. We recommend using
a sequential, lateral decubitus approach even in patients with
bilateral disease since, even though it takes slightly more time
in the operating room, it is technically less complex and
requires fewer surgeons than the anterior approach.
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